Description 


BELT DAMPER 

Technical Field 

This invention relates generally to dampers for gear trains and, 
more particularly, to belt dampers with and without tensioning devices for gear, 
trains. 

Background 

Damping systems for gear trains are known. Typical damping 
systems for gear trains include the use of a flywheel mounted to one of the gear 
shafts. U.S. Patent No. 6,1 17,016 discloses such a flywheel that is equipped with 
a damper mechanism that consists of an elastomeric material. Other systems 
have a centrifugal mass that is connected to a hub which, in turn, is connected to 
a crankshaft. In other systems, a vibration damper is connected to the crankshaft 
and a vibrational damper mechanism has a gear train. 

The above mechanisms have been shown to be deficient in terms 
of both cost of manufacture, installation requirements and limited effectiveness. 
Accordingly, there is a need for an improved damper mechanism for a gear train 
that requires a limited number of additional parts, a limited redesign of the gear 
train itself and which has a proven effectiveness and further which can be easily 
adjusted. 

Summary of the Invention 

In one aspect of the invention a damper for a gear train has an 
output gear mounted to an output shaft, a first idler gear and a second idler gear 
connected to an idler shaft. The first idler gear is disposed between and 
enmeshed with the output gear and the second idler gear. The damper 


mechanism has an output pulley mounted on an output pulley shaft. The output 
pulley shaft is axially aligned with and connected to the output shaft by a first 
spline connection. A second idler pulley is mounted to a second idler pulley 
shaft. The second idler pulley shaft is axially aligned with and connected to the 
idler shaft with a second spline connection. An endless belt is wrapped around 
the output pulley and second idler pulley. A first lubricant fitting connects a 
supply of lubricant to the first spline connection and a second lubricant fitting 
connects a lubricant to the second spline connection. 

In another aspect of the present invention a dampened gear train 
which has an output gear mounted to an output shaft is disclosed. The output 
shaft extends through the output gear and has a distal end that has a first female 
splined hole. A second idler gear is mounted to an idler shaft. The idler shaft 
extends through the second idler gear and has a distal end having a second female 
splined hole. .An output pulley is mounted to a splined output pulley shaft that 
extends into the first splined female hole. A second idler pulley is mounted to a 
splined second idler pulley shaft that extends into the second splined female hole 
of the idler shaft. A first idler gear is disposed between and enmeshed with the 
output and second idler gears. An endless belt is wrapped around the output and 
second idler pulleys. A lubricant fitting is connected to the distal end of the 
output shaft and supplies lubricant to the first splined female hole. And, a second 
lubricant fitting is connected to the distal end of the idler shaft supplying 
lubricant to the second splined female hole. 

In another aspect of the present invention a method of damping a 
gear train that includes an output gear mounted to an output shaft, a first idler 
gear and a second idler gear mounted to an idler shaft is disclosed. The first idler 
gear is disposed between and enmeshed with the output gear and second idler 
gear. The method has the steps of providing an output pulley mounted to an 
output pulley shaft. The output pulley shaft is axially aligned with the output 
shaft and connected thereto by a first spline connection. Providing a second idler 


pulley mounted to a second idler pulley shaft. The second idler pulley shaft is 
axially aligned with the idler shaft and connected thereto by a second spline 
connection. Providing an endless belt wrapped around the output pulley and 
second idler pulley, providing a first lubricant fitting connecting a first supply of 
lubricant to the first spline connection, providing a second lubricant fitting 
connecting a second supply of lubricant to the second spline connection and, 
injecting lubricant into the first and second spline connections through the first 
and second lubricant fittings respectively. 

Brief Description of the Drawings 

Figure 1 is a perspective view of a gear train capable of being 
modified with the damping mechanism of the present invention; 

Figure 2 is a schematic plan view of a damping mechanism made 
in accordance with the present invention; 

Figure 3 is a schematic illustration of lubricant disposed between 
spline elements of two shafts connected with a spline connection in accordance 
with the present invention; 

Figure 4A is a schematic sectional view of a spline connection 
between an output pulley shaft and an output shaft or, in the alternative, a second 
idler pulley shaft and an idler shaft in accordance with the present invention; 

Figure 4B is a schematic sectional view of an alternative spline 
connection between an output pulley shaft and an output shaft or, in the 
alternative, a second idler pulley shaft and an idler shaft in accordance with an 
alternative embodiment of the present invention; 

Figure 4C is a schematic sectional view of a spline connection 
between an output pulley shaft and an output shaft or, in the alternative, a second 
idler pulley shaft and an idler shaft in accordance with the present invention; 

Figure 5 is a graphical illustration of the effectiveness of the 
damping mechanism of the present invention in reducing mesh torque at the cam 
gear while not drastically increasing mesh torque at the input or crank gear; 


P 4 ] Figure 6 is a partial perspective view of a tensioning mechanism 

for applying tension to the belt of the damping mechanism of the present 
invention; 

P 5 ] Figure 7 is a schematic illustration of a damping mechanism made 

in accordance with the present invention equipped with a belt tensioning 
mechanism. 

Detailed Description 

P 6 ] Referring now to Figure 1, a gear train 10 is illustrated for a fuel 

injection system. It will be noted, however, that the damping mechanism of the 
present invention can be applied to any gear train and the invention is not limited 
to a specific application such as a fuel injection system. An input or crank gear 
1 1 is enmeshed with an idler gear 12 which, in turn, is enmeshed with another 
idler gear 13. The second idler gear 13 is enmeshed with a first idler gear 14 
which is disposed between and enmeshed with the second idler 13 and an output 
or cam gear 15. 

P 7 ] As shown in Figure 2, a second idler pulley 16 is mounted to the 

second idler gear 1 3. Similarly, an output pulley 1 7 is mounted to the output gear 
15. An endless belt 18 is wrapped around the second idler pulley 16 and output 
pulley 17. 

P 8] As shown in Figure 4A, the output gear 1 5 is mounted to an output 

shaft 21 . The output shaft 21 includes a distal end 22 which features a female 
splined hole 23. 

P 9 ] . The output pulley 17 is similarly mounted to an output pulley shaft 

24 which is also splined and which is received within the splined female hole 23 
of the output shaft 21. A lubricant fitting 25 is shown connected to a lubricant 
supply 26. Lubricant, under pressure, is supplied through the fitting 25 to the 
distal end 22 of the output shaft 21 and into the female splined hole 23. A bleed 
port 27 is positioned at an end wall 28 of the female hole 23. Thus, lubricant can 
constantly be supplied from the lubricant supply 26 through the splined hole 23. 


/ 
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Figure 3 is an enlarged view of the mating connection between the output pulley 
shaft 24 and the output shaft 21. Both shafts include a spline 31, 32 respectively 
and a lubricant 33 is constantly disposed between the splines of the respective 
shafts 21, 24. 

Referring again to Figure 4A, the connection between the second 
idler pulley 16 and second idler gear 13 can be the same or similar to the 
configuration shown in Figure 4 and, hence, a separate drawing is not provided. 
The second idler pulley 1 6 is mounted to a second idler pulley shaft. The second 
idler gear 13 is also mounted to a second idler shaft. The second idler shaft 
passes through the second idler gear 13 and has a distal end with a splined female 
hole that receives a splined end of the second idler pulley shaft. The spline 
connection as illustrated in Figure 4 or a similar connection can be employed. A 
lubricant fitting is also utilized to provide a supply of lubricant to the spline 
connection. 

Also, the spline connection illustrated in Figures 3 and 4A may be 
necessary for one pulley only, the other pulley could be simply bolted to its 
respective gear. Alternative/spline connections are also illustrated in Figures 4B 
and 4C. 

Specifically, referring to Figure 4B, a stationary stub shaft 45 is 
shown. An idler gear 13b is mounted over the shaft 45. The idler gear 13b is 
equipped with a splined extension 46 which has a splined exterior surface 47 
which is connected to a splined interior surface 48 of an idler pulley 16b. A 
lubricant fitting 25b is shown which enables lubricant to be injected from a 
supply 26b and between the interior surface 49 of the extension 46 and an 
exterior surface 51 of the stub shaft 45. Communication is provided between the 
space defined by the interior surface 49/exterior surface 5 1 and the interior 
surface 48/exterior surface 47 by a port 27b thereby providing lubricant to the 
spline connection between the surfaces 47, 48. 
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[23] Figure 4C illustrates a gear 1 5c fixedly mounted to a shaft 21c. A 

pulley 1 7c is fixedly mounted to a pulley shaft 24c. The shaft 21c includes a 
splined hole 23c which receives a splined portion 52 of a pulley shaft 24c. A 
stationary bearing sleeve 53 is connected to a lubricant fitting 25c and the port 
27c provides communication between a supply 26c, the fitting 25c and the 
splined connection between the shaft 24c and shaft 21c. The embodiment 
illustrated in Figure 4C is applicable to a crank shaft, cam shaft and all other 
devices that utilize journal bearings. The embodiment in Figure 4B is applicable 
to numerous devices whereby a rotating gear is mounted to a stationary shaft 45. 
Numerous other arrangements for the placement of the splined connection 
between the pulley and gear and for the placement of the lubricant fitting, supply 
port and bleed port will be apparent to those skilled in the art. 
[24] Figure 5 illustrates, graphically, the effectiveness of the damping 

mechanism of the present invention which includes a combination of an endless 
belt wrapped around pulleys mounted to an output shaft and a second idler shaft 
and lubricant spline connections between the pulley shafts and the output and 
idler shafts. Specifically, comparing the graphical lines 35, 36 on the left side of 
Figure 5, increasing the belt stiffness from at or near zero to a stiffness of about 
30 mega Newtons per meter (MN/m) results in a substantial decrease in the mesh 
torque at the cam or output gear 1 5 from about 900 Newton mepsrs (Nm) to about 
760 Newton meter<^^ SV******} jU^ % <J f 

[25] This dramatic decrease in mesh torque aUhelSutput gear 15 results ' I , sr 

in only a slight increase in mesh torque at the crapk^r^nput gear from about 880 JiA^^ 
Newton meters to about 900 Newton met^sTThus, an optimum belt stiffness can 
be found in the range from about 20 mega Newtons per meter to about 30 mega 
Newtons per meter. 

[26] Similarly, on the right side of Figure 5, anincrease in the belt 

damping at the cam or output gear 1 5, as shown by linfe 37 resylts in a decrease in 
the mesh torque experienced at the output gear 15 but atee-rgsults in an increase 


in the mesh torque experienced at the input or crank gear 1 1 as exemplified by 
line 38. Thus, depending upon the acceptable mesh torque at the crank gear 1 1, 
an optimum belt damping range can be found. If it is desired to keep the mesh 
torque below 920 Newton meters at the input gear 1 1, the belt damping should be 
restricted to a range between 1 0 and 40 kilo Newtons seconds per meter. 

The reader will note that the data shown in Figure 5 is for 
exemplary purposes only and that actual belt stiffrtess, belt damping and mesh 
torque will vary greatly for various applications. Thus, the data shown in Figure 5 
is not intended to be indicative of all applications of the disclosed damper. 

Turning to Figure 6, a tensioning device 40 is illustrated. The 
device 40 includes a restraining shield 41 that is connected to the output pulley 
17. It will also be noted that the tensioning device 40 can be mounted to the 
second idler pulley 16 as well. A tension arm 42 is pivotally mounted to the 
shield 41 and pulley 1 7. The position of the arm is controlled by an actuator 43, 
which, in one embodiment, can be a jack screw. The actuator 43 also preferably 
includes a spring 44 as shown in Figure 7 to allow some dynamic response in the 
tension arm 42. The tension arm 42 is connected to a tension pulley 50 which 
engages the belt 1 8. A schematic illustration of the tension device 40 without the 
shield 41 is also provided in Figure 7. The tensioning device 40 can be used to 
reduce lash (or clearances) in the gear train. 

Industrial Applicability 

Referring to Figure 1, it is clearly evident that the belt damper 
mechanism of the present invention can be applied to a gear train associated with 
a fuel injection system. Other applications will be apparent to those skilled in the 
art. 

The combination of the belt and the lubricant supplied to the first 
and second spline connections provides an effective damping mechanism which 
reduces the mesh torque experienced at the output gear while not dramatically 
increasing the mesh torque experienced at the input or crank gear. 


Numerous modifications and alternative embodiments of the 
invention will be apparent to those skilled in the art in view of the foregoing 
description. Accordingly, this description is to be construed as illustrative only 
and is for the purpose of teaching those skilled in the art the best mode of 
carrying out the invention. The details of the structure may be varied 
substantially without departing from the spirit of the invention, and the exclusive 
use of all modifications which come within the scope of the appended claims is 
reserved. 


